In Hindustani music, a "Gharana" or school refers to the adherence of a group of musicians to a particular musical style. Gharanas 
INTRODUCTION
Hindustani classical music is one of the most creative art forms existing in this world and Raga is the heart of it. Each Raga has a well defined structure consisting of a series of four or more musical notes upon which its melody is constructed. However, the way the notes are approached and rendered in musical phrases and the mood they convey are more important in defining a raga than the notes themselves. This leaves ample scope for improvisation within the structured framework. So, every performer of this genre is essentially a composer as well as an artist. However, while rendering a particular raga different styles of presentation are observed across the country. These different styles are named after different "Gharanas". Now-a-days, the "Gharana" system in Hindustani classical music is affine to a number of ambiguous ideas among artists. According to a few, there exists gharana system, while some are against this thought. What defines the gharana? Is it really true that the artists of the same gharana keep their singing style unchanged over generations or evolution of music takes place like everything else in nature? These questions are still unanswered; at least from a scientific point of view. Also, the literature has very few scientific studies which attempted to analyze the pattern of a single gharana [1, 2] . To begin our search in such a huge field of study our initial endeavor was to perform an analytical comparison between the renditions of a particular raga sung by some artists who are said to belong to a particular gharana of Hindustani classical music. Previous knowledge suggests that music signals have a complex behavior: at every instant components (in micro and macro scale: pitch, timbre, accent, duration, phrase, melody etc) are closely linked to each other [3, 4] . These properties are peculiar of systems with chaotic, self organized, and generally, non linear behavior. Therefore, the analysis of music using linear and deterministic frameworks seems unrealistic and a non-deterministic/chaotic approach is needed in understanding the speech/music signals. The complexity variation of a certain music piece with time can be judged more rigorously using latest-state-of-the-art non-linear technique -multifractal analysis which determines the multifractal scaling behavior of a time series featured by very irregular dynamics, with sudden and intense bursts of high-frequency fluctuations. In such a system different parts of the system scales differently. To study such a signal with Multifractal Detrended Fluctuation Analysis (MFDFA) would certainly be a better tool than Detrended Fluctuation Analysis (DFA) as DFA gives only a single scaling exponent. The MFDFA technique gives us a multifractal spectral width which is a measure of the inherent complexity of the music signal. We hypothesize that the change of multifractal spectral width of the signal will give us a cue about the variation of style among the artists even from the same gharana. The multifractal detrended fluctuation analysis (MFDFA) was first conceived by Kantelhardt [5] as a generalization of the standard DFA. In this study, 4 vocalists of successive generations of a particular gharana (Patiala) of Hindustani music were chosen for analysis. The renditions of two well known basic ragas -Bageshri & Jaijawanti containing alap & vilambit bandish (both sthayi and antara) part sung by those 4 vocalists were taken. Alap is the opening section of a Raga performance in typical Hindustani classical style. In the alap part the raga is introduced and the paths of its development are revealed using all the notes used in that particular raga and allowed transitions between them with proper distribution over time. Alap is usually accompanied by the tanpura drone only and sung at a slow tempo or sometimes without tempo. Then comes the vilambit bandish part where the lyrics and tala are introduced. Bandish is a fixed, melodic composition in Hindustani vocal or instrumental music, set in a specific raga, performed with rhythmic accompaniment by a tabla or pakhawaj, a steady drone, and melodic accompaniment by a sarangi, harmonium etc. Vilambit is a type of bandish which is sung at a very slow tempo, or laya, of 10-40 beats per minute. The first paragraph of the song -Sthayi is followed by the second one -Antara. Now, for all 4 artists alap, sthayi and antara part of the 2 ragas were analyzed separately applying MFDFA technique and spectral widths were compared.
EXPERIMENTAL DETAILS
Our objective was to study the similarity & changes in the singing pattern of a particular raga over generations of artists of the same gharana. In this study, the renditions of two ragas (Bageshri & jaijawanti) containing alap & bandish part sung by 4 artists of consecutive generations of a particular gharana (patiyala) of Hindustani classical music were chosen for analysis. All the signals are digitized at the rate of 44100 samples/sec 16 bit format. For each raga the chosen bandish was same for all the 4 artists. For detailed analysis, alap part, sthayi & antara of the bandish part were cut separately from each rendition. It is expected that in the alap part, note combinations or improvisations will differ for different vocalists while establishing the raga and hence there is significant variation in the length of the alap pieces chosen for our analysis. So, to minimize the variation due to improvisations, in case of each vocalist, about 20 seconds of the alap part were cut out which led only to identification of the raga. . The said 20 seconds clips were selected by an eminent musician with more than 20 years of experience in performing Hindustani classical music. On the contrary, the bandish part has lesser chances of variation in note combinations as the same bandish is being sung by all the vocalists and keeping the melody structure almost same. Although for different vocalists significant variations in the scansion of the bandish i.e. the distribution of the lyrics over the whole cycle of the tala are expected. Then each alap part of 20 seconds duration was divided into 4 equal parts of 5 seconds and their multifractal spectral widths were calculated using the MFDFA technique. The variation in the spectral widths among the 4 vocalists was observed separately for the 2 chosen ragas. Similar observations were found in case of the sthayi and antara part of the bandishes.
METHOD OF ANALYSIS Multifractal analysis of sound signals
The time series data obtained from the sound signals are analyzed using MATLAB [6] and for each step an equivalent mathematical representation is given which is taken from the prescription of Kantelhardt et al [5] . In MFDFA technique, first the noise-like structures of the signal into a random walk like signals. The whole length of the signal is then divided into Ns number of segments consisting of certain no. of samples.
The local RMS variation for any sample size s is the function F (s,v) . This function can be written as follows:
The q-order overall RMS variation for various scale sizes can be obtained by the use of following equation 
Where α denoting the singularity strength and f(α), the dimension of subset series that is characterized by α. The width of the multifractal spectrum essentially denotes the range of exponents. The spectra can be characterized quantitatively by fitting a quadratic function with the help of least square method [7] in the neighbourhood of maximum 0  ,
Here C is an additive constant C = f(α 0 ) = 1and B is a measure of asymmetry of the spectrum. So obviously it is zero for a perfectly symmetric spectrum. We can obtain the width of the spectrum very easily by extrapolating the fitted quadratic curve to zero. Width W is defined as,
The width of the spectrum gives a measure of the multifractality of the spectrum. Greater is the value of the width W greater will be the multifractality of the spectrum. For a monofractal time series, the width will be zero as h(q) is independent of q. The origin of multifractality in a sound signal time series can be verified by randomly shuffling the original time series data [7] . In general, two different types of multifractality are present in a time series data: (i) Multifractality due to a broad probability density function for the values of the time series. Here, the multifractality of the time series cannot be removed by random shuffling and the shuffled data has the same variation of h(q) as the original data (ii) Multifractality due to a variety of long-range correlations due to the small and large fluctuations. In this case, the probability density function of the values can be a regular distribution with finite moments, for e. g. a Gaussian distribution. The corresponding shuffled series will exhibit non-multifractal scaling, since all longrange correlations are destroyed by the shuffling procedure. All long range correlations that existed in the original data are removed by this random shuffling and what remains is a totally uncorrelated sequence. Hence, if the multifractality of the original data was due to long range correlation, the shuffled data will show non-fractal scaling. If any series has multifractality both due to long range correlation as well as due to probability density function, then the shuffled series will have smaller width W and hence weaker multifractality than the original time series.
RESULTS AND DISCUSSIONS
The multifractal spectral width W, was computed for each part of the raga clips for all the four artists. Higher the value of W, higher is the degree of complexity present in the signal. Thus change in the spectral width due to change of note combinations, transitions between the notes; tempo and rhythm variations in a musical piece would be significantly important to characterize the singing style of different artists. Table 1 show all the spectral width values where Artist 1 represents the oldest among the 4 artists of Patiyala gharana that we chose to study. Artists 2, 3 and 4 represent singers of consecutive generations from the same gharana. The following observations can be drawn from a careful study of the figures: 1. From Table 1 it is evident that average spectral width is higher in case of raga jaijawanti than that of raga Bageshri for all 4 artists both in alap part and bandish part. Thus we can conclude overall complexity of raga jaijawanti is higher than raga Bageshri. 2. Comparing Fig. 1,3 ,5 with Fig. 2,4,6 we can easily say that spectral width variation among the 4 artists of same gharana is higher in case of raga jaijawanti than raga Bageshri. This complexity variation is more prominent in bandish sthayi and antara part than the alap part. This observation may be interpreted as following: In case of raga Bageshri the singing style of the oldest artist is maintained more by his successors than in case of raga jaijawanti where their own styles were incorporated more. 3. The complexity variation among the 4 artists is least in case of Bageshri antara (Fig. 5) while largest in case of jaijawanti antara (Fig. 6 ). 4. In general for both ragas Artist 2 shows greater width than others in alap part as well as bandish part. 5. In case of raga jaijawanti, striking similarity is observed between Artist 1 and Artist 3 in the complexity variation pattern among the 4 parts of the alap as well as sthayi part whereas in antara part of the bandish Artist 3 resemble more with Artist 2 and Artist 4 resemble more with Artist 1, though the absolute values of the spectral width are much lesser for Artist 3 and Artist 4 than Artist 1 and Artist 2 in both alap and bandish parts. So, it is evident that while singing raga jaijawanti the artists of the younger generations are trying to incorporate the singing style of the artists from the older generations as per their choice. 6. In alap part of both ragas Artist 4 generally differs from others but in the Bandish part (both sthayi and antara) he shows resemblance with other artists. 7. In most of the time segments we get varying complexity which has a clear tendency to increase from Artist 1 to Artist 2 but mixed response in case of the contemporary artists. 
CONCLUSION
Our observation suggests that Artist 2 seems to be completely different in bandish as well as alap part in terms of complexity of the signal. The other artists, particularly Artist 3 and Artist 4 resemble Artist 1 in specific time segments. From the above data we may conclude that the contemporary artists Artist 3 and Artist 4 are trying to incorporate the style of Artist 1 in their singing sometimes. From this data we can see that in most of the time segments we get varying complexity which has a clear tendency to increase from Artist 1 to Artist 2 but mixed response in case of the contemporary artists. Analysis by this process therefore yielded comparison of the styles of four vocalists of a particular gharana, which serves our interest. This is only a pilot study. Furthermore, our objective can be attained by the detailed analysis by the extraction of notes, transitions etc. Also the whole alap part as well as different other parts of the whole raga performance should be analyzed and same study should be done for other gharanas of Hindustani classical music to reach a convincing conclusion.
